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HIV .NVELOPK V3-CCR5 BINBING SITK X»^o..K 

This application clai.s priority from US 
Provisional Application NO. 60/333,148, filed 
November 27, 2001 t-v.^ 

2001, the entire content of which is 
incorporated herein by reference. 



The present invention relates in 
-„ . -^e^ates, in general, to 

n ^^^^^^^^^^ 

or HIV primary isolates tv.^ ■ 

. ^ orates. The invention also relates 

: : " °' ~ 

sucn an immunogen. 

BACKGRDTTMn 

AS the HIV epidemic continues to spread world- 

is th '° ^^^^^"^ development 

- the extraordinary variability of HXV and the 

The Evolutionary biology of Hetroviruses, SSB Morse 

Ed. Raven Press. HY, pgs 185-209 ,1994)) 

Myers, Korber and colleagues have analysed HIV 
sequences worldwide and divided Hiv isolates into 
groups or clades, and provided a basis for 
evaluating the evolutionary relationship of 

(Eds), Hu.an Retroviruses and AIDS (1995) Publi . . 
Theoretical Biology ..d Biophysics Cr::p ".t^ 
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Mail Stop K710, Los Alamos National Laboratory, Los 
Alamos, NM 87545) . The degree of variation in HIV 
protein regions that contain CTL and T helper 
epitopes has also recently been analyzed by Korber 
et al, and sequence variation documented in many CTL 
and T helper epitopes among HIV isolates (Korber et 
al (Eds), HIV Molecular Immunology Database (1995), 
Published by Theoretical Biology and Biophysics 
Group, Los Alamos National Laboratory, Los Alamos, 
NM 87545) . 

A new level of HIV variation complexity was 
recently reported by Hahn et al by demonstrating the 
frequent recombination of HIV among clades (Robinson 
et al, J. Mol. Evol. 40:245-259 {1995)}. These 
authors suggest that as many as 10% of HIV isolates 
are mosaics of recombination, suggesting that 
vaccines based on only one HIV clade will not 
protect immunized subjects from mosaic HIV isolates 
(Robinson et al , J. Mol. Evol. 40:245-259 (1995)). 

The present invention relates to an immunogen 
suitable for use in an HIV vaccine. The immunogen 
will induce broadly cross-reactive neutralizing 
antibodies in humans and neutralize a wide spectrum 
of HIV primary isolates. 

SUMMARY OF THE INVENTION 

The present invention relates to an immunogen 
for inducing antibodies that neutralize a wide 
spectrum of HIV primary isolates. The invention 
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also relates to a method of inducing anti-HIV 
antibodies using such an immunogen. 

Objects and advantages of the present invention 
will be clear from the description that follows. 

mXEF DRSCRTPTTHM nir thr nr>i.:.,T^jr.,. 
Figure 1. Peptide immunogen design. 
Figure 2. Sequence of CBLH-l-89. 6P. 

DgXATT.pp npgrRiPTTOM Tr^TTTTTnn 

Targets that induce antibodies that neutralize 
primary isolates of HIV include the gpi20 V3 loop 
and the CCR5 (cellular HIV co-receptor) binding 
site. Kwong et al (Nature 393:648-659 (1968)) have 
shown that the OCRS binding site is adjacent to the 
base of the V3 loop and is formed by the 
juxtaposition of 4 anti-parallel beta-pleated 
sheets. The present invention provides a peptide 
immunogen that induces antibodies that neutralize 
HIV primary isolates comprising components of both 
the HIV gpi20 CCR5 binding site and the V3 loop 
The immunogen has the design set forth in Figure 1. 

The peptide immunogen of the invention 
designated CCR5 binding site/V3, with the CBLH-l 
peptxde being the prototype, comprises, from the 
N-tarminus to the C-terminus, beta sheet regions 20 
21, 2 and 3 (see Nature 393:650 (1998)). a V3 loop 
sequence connects beta sheets 21 and 2 and a V3 loop 
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sequence is present between beta sheets 2 and 3, 
which site is naturally occupied by the V1-V2 loops. 
Accordingly, the peptide immunogen of the invention 
comprises 4 anti -paralleled beta sheet sequences 
that reflect the CCR5 binding site and 2 V3 loops. 
The V3 loops can vary in length (for example, from 
about 8 to about 16 amino acids) . In a preferred 
embodiment, the 4 beta sheets correspond to 
disparate gpl20 regions. In CCR5 binding site/V3, 
CBLH-1, they are present in a linear peptide 
comprising V3 loops. 

A multiplicity of peptide immunogens of the 
present invention can be formulated as a composition 
suitable for administration as a vaccine. The V3 
components of the peptide immunogens of the 
invention present in the instant composition are 
selected so as to be representative of higher order 
structural motifs present in a population, which 
motifs mediate V3 functions in the course of 
envelope mediated HIV interaction with host cells. 
The Los Alamos National Laboratories Human 
Retroviruses and AIDS Database (Human Retroviruses 
and AIDS, 2000, Published by the Theoretical Biology 
and Biophysics G T-10, Mail Stop K710, LANL, Los 
Alamos, NM) presently contains over 14,000 HIV V3 
envelope sequences, showing the extraordinary 
diversity the virus has obtained since originating 
in man in Africa approximately 50 years ago. For 
examplis, among 4 32 HIV-1 V3 sequences derived from 
individuals infected with subtype C (designated 
"Clade C") in Africa currently available in the HIV 
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database, 176 distinct variants of a 23 a.ino acid 
stretch at the tip of the V3 loop have been found 
Similarly, among 6870 B subtype (designated 
"Clade B", V3 sequences fron, the US, 1514 unique 
forms have been found. 

A method has been developed to organize short 
antigenic domains by protein similarity scores using 
maximum-linkage clustering. This method enables the 
visualization of the clustering patterns as a 
dendrogram, and the splitting patterns in the 
dendrogram can be used to define clusters of related 
sequences (Korber et al , J. virol . 68:6730-6744 
(1S94)). The method allows the use of several 
different amino acid similarity scoring schemes 
available in the literature, preferred is the amino 
acid substitution matrix developed by Henikoff and 
Henikoff (see Advances in Protein Chemistry 54:73-97 
(2000) and Proteins: Structure, Function and 
Genetics 17:49-61 (1993)), designed to give 
substitutions that are well tolerated in conserved 
protein structural elements a high score, and a low 
score to those that are not. Typically excluded 
from consideration very rare, highly divergent 
peptides, and favored are peptides found in many 
individuals Within the population. m a selected 
set Of sequences , .ost of the unique forms are 

of the peptides chosen. This method has been 
applied to Clustering the large number of variants 
Of the antigenic tip of the V3 domain within Clade B 
and Clade c into groups (about 25) that are likely 
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to be cross-reactive within the group. ""Based on 
these clustering patterns, variants (e.g., about 25- 
30) are selected that are representative or 
"central" to each group, for testing for 
antigenicity. The HIV Clade B and Clade C gpl20 
envelope V3 sequences have been analyzed, as 
described above, for groups of V3 sequences 
predicted to have structural similarities. Twenty 
five Clade C and 3 0 Clade B groups have been 
defined, and chosen out of each group is a common, 
or the most common, sequence as a representative of 
that group. 

Shown in Tables 3 and 4 are examples of 
immunogens of the present invention for HIV Clades B 
and C, respectively. The immunogens of B can be 
combined to provide a composition suitable for use 
in the US (clade B) and Africa (Clade C) . 
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1 (4) -RIKQIINMWQKVGKAMYA-rksirigpGqtf -SLKPCVKTPLCV- 
rksVr igpGqt f - SCNTSVITQA 

7 (8) -RIKQIINMWQKVGKAMYA-rEsirigpGqtf -SLKPCVKTPLCV- 
r Rs i r i gpGqAf - S CNTS V I TQA 

9(10) -RIKQIINMWQKVGKAMYA-rkGirigpGqtf -SLKPCVKTPLCV- 
rksirigpGqAf -SCNTSVITQA 

14 (15) -RIKQIINMWQKVGKAMYA-rksMrigpGqtf-SLKPCVKTPLCV- 
rksirigpGqtL- SCNTSVITQA 

16 (17) -RIKQIINMWQKVGKAMYA-rksVrigpGqtS-SLKPCVKTPLCV- 
rRsirigpGqt f - SCNTSVITQA 

20 (22) -RIKQIINMWQKVGKAMYA-rQsirigpGqAf -SLKPCVKTPLCV- 
rksVr igpGqAf - SCNTSVITQA 

23 (24) -RIKQIINMWQKVGKAMYA-rkGiHigpGqAf-SLKPCVKTPLCV- 
rkGiGigpGqt f - SCNTSVITQA 

25 (14) -RIKQIINMWQKVGKAMYA-rEsiGigpGqAf -SLKPCVKTPLCV- 
rksMrigpGqtf -SCNTSVITQA 

While the above is offered by way of example, 
it will be appreciated that the same analyses can by 
performed for HIV Clades A, E, F, G, H, M, N, 
etc, to design immunogens that react with HIV 
primary isolates from these Clades. The length of 
the V3 inserts in the present immunogens can vary, 
for example, from about 8 to about 16 amino acids. 
In a similar manner, analysis can be made of amino 
acid heterogeneity with the 2, 3, 20 and 21 beta 
sheet regions of gpl20 and multiple HIV (chemokine) 
receptor binding site sequences can be used in 
peptide design. 
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The peptide immunoqens of th^ • 

which are well )cn. P^^^^^ed using methods 

re well known to the ordinarily skill.H 
art.san. The exposition can comprise the ' 
linked end to «nw ^ Peptides 

inn- °^ ^^^P"^^ ^ '"ixture of 

individual peptides. The oentid. ■ 
also be svn.v, ■ Peptide immunogens can 

° De synthesized bv wpII 

:r"'" - ; 

"""""""" ""^"^ ~. 

=^ .n .«e„„„e. TB ve„„, " """" 

Expression of the 
immunogenic peptides of the invpn^ ■ 

a patienfs own cells bV " '"'^""^ 

cells Of nucleic a h ^-^-^-^ion into those 

preferably u ^^P^^^-' 
eferably using codons and promoters that on^ • ■ 

expression in human cells Examnl 

and using OK. vaccine aT :: ^ " 

'^^^'^5^' and 5,703,055. 
The composition of the imr=„^. 

-•v.^ .... ;:r:::::::r:.:r"T 

prevention and/or treatm.n^ . • 

Virus infection rZ ^™°^^^i=iency 

compositions Of the invention 
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can be formulated using adjuvants, emulsifiers, 
pharmaceutically-acceptable carriers or other 
ingredients routinely provided in vaccine 
compositions. Optimum formulations can be readily 
designed by one of ordinary skill in the art and can 
include formulations for immediate release and/or 
for sustained release, and for induction of systemic 
immunity and/or induction of localized mucosal 
immunity (e.g, the formulation can be designed for 
intranasal administration) . The present 
compositions can be administered by any convenient 
route including subcutaneous, intranasal, oral, 
intramuscular, or other parenteral or enteral route. 
The immunogens can be administered as a single dose 
or multiple doses. Optimum immunization schedules 
can be readily determined by the ordinarily skilled 
artisan and can vary with the patient, the 
composition and the effect sought. By way of 
example, it is noted that approximately 50/ig-lOO/ig 
of each hybrid peptide can be administered, for 
example, intramuscularly {e.g. 3x) . 

The invention contemplates the direct use of 
both the peptides of the invention and nucleic acids 
encoding same. For example, a minigene encoding the 
peptides can be used as a prime and/or boost. 

In addition to the composition described above, 
the invention encompasses each of the immunogens 
disclosed as well as each of the components {V3 and 
CCR5) , alone or -in covalent or non-covalent 
association with other sequences. The invention 
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and an such pep.i.es '"^"^^^ ^"^^'^^"^ 

- siTeT::::::; : -sc..e. 

follows. --lin^iting Example that 

A peptide i^ogen of the invention 
c^es.enated CB.H-i-s. . SP, and having the 

-i^^^ antibodies against the — 9-icity 

--Its Of l..uni.ati „ of T ^" ^''^ ' 

--mnco.plet • . -.a. ad,™ 

immunization nf ^ • ^ versus 

^^on of guanea pigs twice with ann^>. 

""""" "O. S0/,3'„3.' 

m'^'r^ Titer to Immunizing 

^^^e^ Immunogen Peptide after ^ 

^ ^"^"i^nizations 

323 CBLH-a of SHIV89 6P 

Of SHIV e9.6P ,^°2;foo 
III C4-V3 89. 6P 

C4-V3 89. 6P ^S'SOO 
C4-V3 89 6P 12,800 

12, 8O0 
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Table 2 shows the neutralizing antibody results 
of the sera of the same animals against several HIV 
primary isolates. 

Table 2 
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^WAb titers are the recxproca.1 serum dilution at 
which 50% of cells were protected from virus- induced 
killing as measured by neutrai red uptake. 



^Samples were assayed at a 1:4 dilution in 
triplicate , % reduction in p24 is calculated 
relative to the amount of p24 produced in the 
presence of the corresponding prebleed sample. 
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SHIV89.6P immunization of animals 323 and 342 
induced antibodies thaf 

aies that cross-neutralized HIV SFis? 
and animal 323 ^1=^ „ ''F162 

i 323 also cross-neutralized the primarv 
isolate HIV JR-fl. Primary 

The following peptides have also been designed 
CCRS^bxndmg site/V3 peptide constructs: 

RKSlil^IpG^F°^^'^ -^^^"IGPGRAF-SLKPCVKTPLCV- 



All documents cited above are hereby 
-corporated in their entirety by reference 

One skilled in th*=> 
'"^i"9 =£ this d.ir '»P«"." fr„„ . 

or the invention. 
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What is claimed is : 

1. A peptide immunogen comprising, from the 
N-terminus to the C-terminus, beta sheet regions 20, 
21, 2 and 3 of a human immunodeficiency virus (HIV) 
gpl20 CCR5 binding site, wherein an HIV gpl20 V3 
loop sequence is present between said beta sheet 
regions 21 and 2 and between said beta sheets 
regions 2 and 3. 

2. The peptide according to claim 1 wherein 
each of said V3 loop sequences comprises from about 
8 to about 16 amino acids. 

3. The peptide according to claim 1 wherein 
said beta sheet regions correspond to disparate 
gpl20 regions. 

4 . A composition comprising at least two 
peptides according to claim 1. 

5. The composition according to claim 4 
wherein said at least 2 peptides are covalently 
linked. 

6 . A method of inducing an immune response in 
a patient to HIV comprising administering to said 
patient at least one peptide according to claim 1 in 
an amount and under conditions such that said 
response is induced. 
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7. A vaccine comprising a multiplicity of 
peptides according to claim i .herein said V3 loop 
sequence, are selected so as to be representative of 
higher order structural motifs present in a 
population of Hiv isolates. 

8. The peptide according to claim 1 wherein 
-d peptide comprises a sec^ence selected from the 
group consisting of 

I^IKQIINMWQKVGKAMVA-RRSIPIGPGRAF-SLKPCVKTPLCV- 
VRKIPIGPGSSF-SCNTSVITQA; 

RIKQIINMWQKVGKAMYA-RKRIPLGLGKAF-SLKPCVKTPLCV 
RKGIHLGPGRAI - SCNTSVITQA; 

RIKQIINMWQKVGKAMYA-RKGIHMGPGKAI-SLKPCVKTPLCV 
RRGI PIGPGRAF- SCNTSVITQA ; 
RIKQII^^WQKVGKAMYA-RKSIRIGPGRAV-SLKPCVKTPLCV- 
RRRISIGPGRAF-SCNTSVITQA; 

RIKQIINMWQKVGKAMYA-RRSIHLGMGRAL-SLKPCVKTPLCV- 

RRSIHMGLGRAF- SCNTSVITQA; 

RIKQIINmQKVGKAMYA-RKGINIGPGRAF-SLKPCVKTPLCV- 
RKGIHIGPGRTF-SCNTSVITQA; 

RIKQIINMWQKVGKAMYA-IRIGHIGPGRAF-SLKPCVKTPLCV- 

RRHIHIGPGRAF - SCNTSVITQA ; 

RIKQIINMWQKVGKAMVA-RRKGIHIGPGRAI-SLKPCVKTPLCV 
TGKSIRMGLGRAW- SCNTSVITQA ; 

HIKQIINMWQKVGKAMVA-RKSINiGPGRAF-SLKPCVKTPLCV 
RKSXQIGPGRAF-SCNTSVITQA; 

RIKQIINMWQKVGKAMYA-RXSIHIGPGRAF-SLKPCVKTPLCV 
RKSIHIAPGRAF-SCNTSVITQA; 

IKQIINMWQKVGKAMYA-RKSIHiGPGRAF-SLKPCVKTPLCV 
RRRISMGPGRVL - SCNTS VI TQA ; 
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RIKQIINMWQ}CVGKAMYA-RKRISLGPGRVY-SLKPCVKTPLCV- 
RKRMTLGPGKVF - SCNTSVITQA ; 

RIKQIINMWQKVGKAMYA-QRIIHIGPGRPF-SLKPCVKTPLCV- 
RIRIHRGYGRSF-SCNTSVITQA; and 

R I KQ 1 1 NMWQKVGKAM YA - RGSIHLHPGRKF- S LKPC VKTPLCV - 
RKS INMGPGRAF - SCNTS VI TQA . 

9. A composition comprising at least two of 
said peptides according to claim 8. 

10. The peptide according to claim 1 wherein 
said peptide comprises a sequence selected from the 
group consisting of 

RI KQI INMWQKVGKAMYA- rksir igpGqt f - SLKPCVKTPLCV - 
r ks Vr igpGqt f - SCNTS VI TQA ; 

RI KQI INMWQKVGKAMYA - rEs i r igpGqt f - SLKPCVKTPLCV - 
rRs i r i gpGqAf - S CNTS VI TQA ; 

RIKQIINMWQKVGKAMYA-rkGirigpGqtf-SLKPCVKTPLCV- 
rks i r igpGqAf - SCNTS VI TQA ; 

RIKQI INMWQKVGKAMYA- rksMrigpGqt f - SLKPCVKTPLCV- 
rksirigpGqtL- SCNTSVITQA; 

RIKQI INMWQKVGKAMYA- rksVr igpGqtS - SLKPCVKTPLCV- 
rRsirigpGqtf -SCNTSVITQA; 

RIKQI INMWQKVGKAMYA- rQs i r igpGqAf - SLKPCVKTPLCV- 
rksVrigpGqAf-S CNTS V I TQA ; 

RIKQI INMWQKVGKAMYA-rkGiHigpGqAf - SLKPCVKTPLCV- 
rkGiGigpGqtf -SCNTSVITQA; and 

RIKQI INMWQKVGKAMYA-rEsiGigpGqAf -SLKPCVKTPLCV- 
rksMr igpGqt f -SCNTSVITQA. 
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13. A composition comprisino ar i 
nucleic acirf <=o Posing at least one 

acid sequence encoding at least ^ 
peptides according to clai. , ° °' 

^ patient TnTl " """" ^" — - - 

Pa-ent at lea I IT"" administering to said 

-Lease one nucleic ^^r^.-r? 

peptide i. p„auc.a .„a , 

induced. ""Po-e 1. 
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